








To address the Zero Defect expectations of the automotive
market National has established the Automotive Grade range
of products with enhanced quality and reliability.

Unique Device Identification

Each partis identified by a special order code ‘Q" in the
device part number. This identification enables complete
product visibility and traceability throughout the ordering,
manufacturing and supply chain.

Product Qualification

AEC-Q100: All Automotive Grade products are fully qualified
in compliance to the AEC-Q100 and characterised in
accordance to the AEC-Q003 guidelines to meet the defined
temperature range.

PPAP: Documentation of the part technology, qualification
and process is available in line with the PPAP (Production
Part Approval Process) developed by major automotive
manufacturers and distributed through the AIAG (Automotive
Industry Action Group).

The purpose of this data is to demonstrate that all design
records and specification requirements are properly
understood and that the process has the capability to produce
products that consistently meet customer requirements.

Manufacturing Quality

The manufacturing process of Automotive Grade parts
includes a number of additional enhancements and dedicated
defect reduction programs to minimise variation. The purpose
here is to eliminate those parts which could result in defects
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in the field as a result of the various stresses experienced in
the car environment. All these precautions contribute to the
drive towards a zero defect target.

e Tighter process statistical controls (Statistical Bin Limits,
Statistical Yield Analysis) and dispositioning rules

e Tighter electrical test limits based on Part Average Testing
e Increased inspection and screening (e.g. optical, X-Ray)

e Enhanced 100% electrical screening (e.g. including
delta Iddg, Junction Verification Testing) at temperature
extremes where appropriate.

Change Management

¢ Six months notification
To avoid possible disruption at the customer, the auto-
motive industry requires a rigorous re-qualification pro-
cess before approving any changes to an existing applica-
tion. In order to give the customer better visibility on any
proposed changes to Automotive Grade parts National
provides a minimum of six months notification. In addition,
as much documentation of the change as possible is pro-
vided to enable the customer to make a reasoned, qualified
judgement on the potential impact or risk of any change
and ensure the transition is as smooth as possible.

e EOL (End Of Life) management process
In the event that a part has to be discontinued the
customer will be advised 12 months in advance with an
additional three-month shipping window. National will
work with the customer to correctly manage the process
and ensure that adequate supplies of material are provided.

Technical Support

In the event that defects are experienced it is vital to under-
stand how such a failure occurred. National employs a world-
wide quality process to carry out investigation analysis using
the recognised 8D structure and 5-Why techniques to identify
root cause. Once the problem and root causes are under-
stood, relevant corrective actions can be determined and
implemented resulting in continual improvement at any of the
processes — design, manufacturing, test or application usage.



Automotive Challenges and Solutions
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High Efficiency

Automotive systems using voltage conversion require high
efficiency in order to save electrical power, and also have
low operating junction temperatures for reliability reasons
and for small solution size.

A simple metric for an automobile is the fuel consumption.

As the cost of natural resources rises, this metric becomes
more important. The performance-to-power ratio can mean
two things to an engineer — lower power consumption and
less waste heat generated, or higher performance at the
same power consumed. Lower power means higher economy.
Reduced heat wear on the electronics also results in longer
service life.

Stability and Precision

Automotive systems need to operate accurately and effec-
tively in all temperature conditions over the entire life of the
vehicle.

A fuel injection system, for example, needs to maintain opera-
tion at the optimised point for maximum fuel efficiency and
engine protection.

Amplifier products using National’s advanced analog pro-
cesses feature significant improvements in direct current (DC)
accuracy, low power consumption and low voltage noise. The
latest process offers highly accurate, trim capable, low tem-
perature coefficient thin-film resistors with matching accu-
racy that surpasses many non-integrated precision resistor
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National offers synchronous converters with efficiency over
90% with integrated or external switches even with the higher
switching frequencies required to achieve small solution size.

National’'s PowerWise LED drivers offer a maximum
performance-to-power ratio, giving more features than
standard incandescent lighting solutions at a fraction of the
wattage. Using National's PowerWise LED drivers, coupled
with the latest LED industry trends, results in energy-efficient
solutions that reduce power consumption.

National’s portfolio of energy-efficient PowerWise products
and solutions can be accessed via national.com/powerwise.

pairs. The accuracy of these circuits can be further enhanced
through the use of wafer level or post-package trimming.

Extended temperature testing ensures a low temperature
coefficient for offset voltage drift (TCVos).

The linearity specs of the precision Analog-to-Digital
converters (ADCs) are also guaranteed over the whole
temperature range.



High Temperature

The trend in electronic control units (ECU) is towards smaller
boxes with higher power density. In many cases it is not
possible to actively cool the system, therefore it is key to
have an accurate and reliable temperature measurement.
This allows for safe and efficient operation closer to the
limits.

National’s unique trim capabilities enable the accuracy to

be set at the temperature where it matters. While traditional
trimming is at room temperature, National can trim sensors at
high temperatures, offering the best accuracy between 120°C

and 150°C.

Electromagnetic Interference (EMI)
and Electro-Static Discharge (ESD)

EMI is an undesirable disturbance in an electrical circuit
caused by electromagnetic radiation. In a car environment,
the disturbance may interrupt, obstruct, or otherwise
degrade or limit the effective performance of, for example,
the car radio or, in worst case, of a critical Electrical Control
Unit (ECU). Increased electronic content in automotive
applications is driving the need to offer solutions which
minimise EMI related disturbances.

Robust automotive designs need to address both emission
and susceptibility issues. LVDS technology provides a low-
power and low-noise environment for reliably transferring
data over a serial transmission path. Emission can be sig-
nificantly reduced by optimising the edge rate of the signals
using Progressive Turn-On modes and spread spectrum tech-
niques.

Automotive Challenges and Solutions

National can also specify operation up to 175°C for

selected products in die form. This allows the system to be
continuously monitored even at high temperature where the
remaining circuitry has to be shut down. It is then possible to
restart the system when the temperature decreases.

Some sensors offer a thermostat function which prevents
temperature limits being exceeded without involving the
processor.

Switching regulators, which are natural sources of EMI, offer
user-selectable and synchronisable switching frequencies to
avoid interferences with AM/FM bands.

To avoid coupling mechanisms, EMI hardened components
have been designed for usage in rugged environments. An
EMI hardened operational amplifier effectively reduces
disturbances caused by RF signals to a level that will hardly
be noticeable. This again reduces the need for additional
filtering and shielding. As a result, the number of components
and space required can be reduced.

The harsh automotive environment also places stringent
requirements on Electro-Static Discharge (ESD) robustness,
especially during assembly, maintenance and hot plugging.
Special focus is required on very rugged ESD structures

at each pin, particularly on external connections, to allow
devices to withstand high electro-static discharges to meet
the automotive requirements.



High Voltage

Automotive systems, supplied from a 12V car battery, need
to operate at voltages of up to 36V, 42V or even during 60V
transients. Applications supplied from a 24V battery may
need to withstand up to 100V.

At the same time, cold-crank and stop-start operation require
minimum input voltages down to 3V.

National’s advanced analog process technologies are
capable of supporting such wide operating voltage ranges.

Auto-Diagnosis (Design for Test)

The complexity of electronics in modern vehicles requires
the ability to perform diagnestic functions to monitor
performance, detect potential failures and support easy and
effective maintenance.

A Built-In Self-Test (BIST) feature in LVDSe Serialiser/
Deserialiser devices for automotive display and camera
applications support the @speed testing of the high-speed
serial link to ensure signal integrity. Control pins allow

the system to initiate the test and to also select the error
reporting scheme and duration.

Packaging

With the rapid growth of electronic systems in the car, space
constraints and resulting thermal considerations hecome
more significant. At the same time the package has to
withstand extremes of temperature and mechanical stress
and remain reliable for life of the vehicle.
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In various circuit topologies, for example Buck or Boost,
regulator products are available that operate at low input
voltage during cold-crank and also at high input voltage
during load dump conditions.

The focus on environmental sustainability demands a high
precision signal-path implementation. Silicon-on-Insulator
(SOI) process technology, used for National's precision
amplifier products, enables fast and precise high-side current
sensing at high common mode voltages up to 60V while
operating from a single 3.3V or 5V supply rail.

A fully compliant IEEE 1149.1 Test Access Port (TAP) provides
access to boundary scan cells at each LVTTL I/0 for
interconnect testing. The IEEE 1149.1 structures and methods
are intended to test static DC-coupled single ended networks.
For testing high-speed differential, including AC-coupled
networks, there is support of the IEEE1149.6 standard.

A comprehensive output fault detection system senses the
load conditions of an audio power amplifier, protecting the
device during short-circuit events, as well as detecting open
circuit conditions.

National has a highly innovative range of packaging options,
including tiny SOT-23, leadless plastic packages (LLP)

with exposed heatsink, and multi-die. For critical areas,
components are also available in bare die form for mounting
directly on ceramic substrate.



@ Design Centers

© Manufacturing Facilities

Design Centers

USA:

Arlington, Texas
Calabasas, California
Chandler, Arizona
Federal Way, Washington
Fort Collins, Colorado
Grass Valley, California
Indianapolis, Indiana
Longmont, Colorado
Norcross, Georgia
Phoenix, Arizona
Rochester, New York
Salem, New Hampshire
San Diego, California
Santa Clara, California
South Portland, Maine
Tucson, Arizona

World Headquarters

2900 Semiconductor Drive
Santa Clara, CA 95051
USA

+1 408 721 5000
www.nhational.com

National
Semiconductor

Worldwide Design Centers and
Manufacturing Facilities

EUROPE:

Delft, Netherlands
Firstenfeldbruck, Germany
Unterhaching, Germany
Greenock, Scotland

Kemi, Finland

Milan, ltaly

Oulu, Finland

Tallinn, Estonia

Mailing Address:
PO Box 58090
Santa Clara, CA 95052

new.feedback@nsc.com

Manufacturing Facilities

ASIA:
Bangalore, India
Hangzhou, China
(joint with Zhejiang University)
Hong Kong, China
Taipei, Taiwan
Tokyo, Japan

Wafer (Die) Fabrication:
Arlington, Texas

South Portland, Maine
Greenock, Scotland

Chip Test and Assembly:
Melaka, Malaysia

European Headquarters
Livry-Gargan-Str. 10
82256 Fiirstenfeldbruck
Germany

+498141350

Technical Support Center
europe.support@nsc.com
Deutsch +49 180 5010 771
English +44 870 850 4288

Suzhou, China

Asia Pacific Headquarters
2501 Miramar Tower

1 Kimberley Road
Tsimshatsui, Kowloon
Hong Kong

+852 2737 1800

ap.support@nsc.com

Japan Headquarters
Beside KIBA

2-17-16

Kiba, Koto-ku

Tokyo, 135-0042, Japan
+81 35639 7300
jpn.feedback@nsc.com

© National Semiconductor Corporation, June 2008. National Semiconductor, (¥, PowerWise and SIMPLE SWITCHER are registered trademarks of National

Semiconductor Corporation. All rights reserved.

702124-001EU



